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OBJECTIVES: Evaluate the effects of a new antioxidant containing topical allyl pyrroloquinoline quinone (TAP) on expression of key markers

and assess the efficacy and tolerability in subjects with photodamaged skin. METHODS: Donor skin tissue was irradiated prior to and following
application of study products (TAP; a leading antioxidant cream [L-VC]). Expression of markers related to epidermal homeostasis and oxidative
stress were assessed at 48 hours and compared to untreated, irradiated control (n=3 each). Evaluation of lines/wrinkles, skin texture, skin tone,
dullness, and erythema from baseline occurred over 12 weeks in subjects with mild-to-moderate photodamaged skin. Histological evaluation
occurred at Weeks 6 and 12 (n=4). RESULTS: Following application of TAP, significant expression of markers related to epidermal homeostasis and
repair, recycling and removal, and oxidative stress were demonstrated, compared to control (p<0.05). Reduced expression of collagen degrading
enzymes, compared to control, were observed (p<0.05). Application of L-VC demonstrated nonsignificant expression of markers versus control.
In 40 subjects evaluated over 12 weeks, significant mean improvements from baseline were observed at Week 4 in skin texture and dullness
(both p<0.0001) and skin tone and lines/wrinkles (both p=0.01). The study product was highly tolerable. Histologic evaluation demonstrated
reductions in solar elastosis from baseline at Weeks 6 (33%, p=0.01) and 12 (60%, p=0.002). CONCLUSION: An antioxidant containing TAP
addresses internal and external manifestations of photoaging. TAP demonstrated significant expression of key markers associated with epidermal
homeostasis and counteracting oxidative stress. Significant, early improvements in the appearance of photodamaged skin and histological
improvements in solar elastosis were observed. KEYWORDS: Skin aging, intrinsic aging, mitochondrial damage, allyl PQQ, topical antioxidants

skin aging," with both intrinsic and extrinsic factors

contributing to the skin aging process. Environmental
stressors, including ultraviolet (UV) light, infrared radiation, ozone,
and tobacco trigger the generation of reactive oxygen species (R0S),
causing damage to skin cells over time.? Intrinsic aging involves a
gradual reduction in the efficiency of mitochondria and acceleration
of mitochondrial damage and dysfunction in skin cells. This leads to
increased generation of ROS and accumulation of cellular debris. The
primary function of mitochondria is generation of energy via oxidative
phosphorylation. Intrinsically, mitochondria are the primary cellular
source of ROS generation,® which facilitates epidermal differentiation.*

Mitochondria are integral to skin for cell signaling, pigmentation,

and vasculature homeostasis.’ The “free radical theory of aging,”
which has not been fully corroborated, suggests there is a correlation
between aging, mitochondrial deoxyribonucleic acid (mtDNA) damage,
particularly mtDNA deletions, and increasing oxidative stress.>® In fact,

O xidative stress is one of the core mechanisms that mediates

mitochondrial dysfunction is believed to be one of the hallmarks that
contributes to the pathophysiology of age-related disorders.”

Skin is naturally equipped to protect and renew itself. However,
when internal defenses are overwhelmed (as a result of oxidative
stress), skin is unable to repair the cumulative effects of ROS
damage and thus loses the ability to function efficiently.*"* Effects
include reduced collagen and elastin production, decreased cellular
regeneration and desquamation, and gradual dermal atrophy.™™
Additionally, a reduction in the proliferation of basal cells occurs,
leading to epidermal thinning.” Intrinsic skin aging is also
characterized by reduced levels of lipids in the stratum corneum.”°

Protecting skin from free radical damage has predominantly focused
on addressing the effects of extrinsic aging through the use of broad-
spectrum sunscreens and antioxidants. Sunscreens scatter or block UV
radiation and absorb UV rays prior to the formation of free radicals in
the skin.™ In contrast, antioxidants stabilize or deactivate free radicals
before they damage cells.’™"® As mitochondria are the main source
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TABLE 1. Key ingredients

KEY INGREDIENTS
TAP

BENEFITS

Patented, super-potent antioxidant technology that effectively

neutralizes free radicals produced by the body’s natural, intrinsic
processes and supports more efficient energy creation, critical to
the skin's renewal and repair process.

DNA Repair

Contains an enzyme that supports and helps rejuvenate the
appearance of photodamage.

Contains an enzyme that supports the skin's natural recovery
system following damage as a result of sun exposure.

Proprietary botanical antioxidant blend Provides synergistic antioxidant defense.
Ergothioneine Amino acid that energizes the skin.

Mediterranean olive extract, Olea europaea
(olive) fruit extract

Pyrrologuinoline quinone allyl ester (allyl PQQ)

Plankton extract

Micrococcus lysate

Rich in polyphenols for a soothing effect on the skin.

Targets defense against the harmful effects of UV, blue light, and IR

Buddleja officinalis flower extract
wavelengths.

(offea arabica (coffee) leaf cell extract (and) Brinas eneray back to the skin
Crocus sativus leaf cell culture extract 9 v ’
A potent antioxidant and peptide that supports collagen and the
skin.

Superoxide dismutase Soothes and improves the overall appearance of the skin.

Contains an enzyme that helps revitalize skin from damage caused
by UVA-generated free radicals.

Carnosine

Arabidopsis thaliana extract

Coenzyme Q10

Potent antioxidant naturally found in the body.

Glycyrrhiza glabra (licorice) root extract

Vitamin C (tetrahexyldecyl ascorbate) and
vitamin E (tocopheryl acetate)

Skin Health Support

Defends against particulate matter, counteracting the appearance
of wrinkles and uneven skin tone.

Synergistic soothing complex that helps visibly reduce redness and
provides comfort to the skin.

An essential fatty acid (vitamin F) complex for healthy-looking skin.

A skin-identical synergistic lipid designed to enhance skin
moisturization and skin barrier protection.

A peptide that helps to improve skin firmness and elasticity.

A form of vitamin B3 that helps improve moisture and the
apperance of skin clarity.

Delivers high moisture retention and high antioxidant activity.

Improves the appearance of skin brightness.

Neutralizes UVB-induced free radicals.

Antipollution complex

Bisabolol (and) Zingiber officinale (ginger) root
extract

Linoleic acid (and) linolenic acid
Ceramide blend
Trifluoroacetyl tripeptide-2

Niacinamide

Hydrolyzed sodium hyaluronate

TAP: topical allyl pyrroloquinoline quinone; UV: ultraviolet; IR: infrared

of intrinsic ROS,* mitochondrial-targeted
antioxidants are essential in providing
comprehensive support to skin.
Pyrroloquinoline quinone (PQQ) is a potent
antioxidant/micronutrient found in a variety

of foods, including spinach, green pepper,
kiwi, parsley, carrots, and fava beans, as well
as breast milk.” PQQ is an efficient free radical
scavenger of superoxide and hydroxyl radicals
and a highly effective quinone or enediol
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that has traditionally been delivered orally as
a dietary supplement. PQQ neutralizes ROS
generated by mitochondria and has been
shown to protect living cells from oxidative
damage in mitochondria in-vivo.? Specifically,
PQQ helps support cellular growth and
differentiation and has been shown to
stimulate sirtuin, supporting DNA repair and
mitochondrial biogenesis. 2>~

Historically, PQQ has been challenging to
formulate as a topical agent, owing to its
inherent irritation and instability. Adding
an allyl (ester) group to the parent molecule
was shown to enhance stability and mitigate
skin irritation. Allyl PQQ is a new molecule
designed to deliver the benefits of PQQ
directly to the skin to defend against internal
stressors, broadening its antioxidant defense
against free radical cellular damage. Allyl PQQ
supports more efficient mitochondrial energy
creation that is critical to the renewal and
repair process of the skin.?!

Topical allyl PQQ (TAP) is combined
with existing WEL antioxidant technology
(skinbetter science; Phoenix, Arizona, United
States [US]) to comprehensively address both
extrinsic and intrinsic aging. WEL technology
is comprised of an optimized, balanced
ratio of 19 potent water-soluble, enzymatic,
and lipid-soluble antioxidants purposefully
identified and selected to provide synergistic
cellular protection against a broad range of
free radicals. Previous studies performed
with WEL technology evaluated its capacity
to neutralize ROS (hydrogen peroxide); its
protective effects against UVA/B, ozone, blue
light and tobacco-induced oxidative stress;
and its visible effects on photodamaged
skin.2"2 Together, these studies provided
substantial evidence demonstrating WEL
technology’s ability to protect skin against
oxidative stress and improve the appearance
of photodamaged skin. This new, advanced
formulation combines both antioxidant
technologies (TAP and WEL) and additional
ingredients to support skin barrier and repair
to comprehensively address both intrinsic and
extrinsic skin aging (Table 1).

Herein, we describe two studies evaluating
the mechanistic and visible effects of this
new formulation. An ex-vivo study conducted
utilizing human skin tissue evaluated the
effects of TAP and a leading vitamin C-bhased
cream (L-VC) on the expression of key markers
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associated with homeostasis and oxidative
stress. A multicenter, open-label clinical
study evaluated the efficacy, tolerability, and
subject satisfaction of TAP in subjects with
photodamaged facial skin over 12 weeks.

DESIGN AND METHODS

Ex-vivo analysis of key markers.
Quantitative real-time polymerase chain
reaction (qPCR) analysis was conducted to
evaluate gene expression and protein activity
of key markers associated with homeostasis
and oxidative stress. Donor, full thickness
skin tissue was collected within two hours
following abdominoplasty. Skin tissue
contained normal skin barrier, mature stratum
corneum, and functional basal layer, with
all cell types and skin appendages of in-vivo
human skin. Punch biopises were transferred
to static Franz cells. Study products, TAP and
L-VC, were applied to skin tissues prior to and
following UV radiation (15ul or 30mg/cm?;
n=3 each) for a total of 48 hours of contact
time with tissues. Tissues were exposed to
UV radiation utilizing an Oriel SolA1 Solar
Simulator (Newport Corporation; Irvine,
(alifornia, US) at energy levels comparable
to a moderate amount of natural radiation
exposure at midday in a temperate climate
(250mJ/cm? of UVA and 0.88mJ/cm? of UVB).
Control tissues were treated with saline
(n=3).

Changes in expression of key markers
related to epidermal homeostasis and
oxidative stress were evaluated. Statistical
analysis and changes in gene expression
for study products were compared to the
untreated control (saline) using an unpaired
t-test (p<0.05).

Clinical evaluation. A multicenter,
open-label study across three clinical sites
enrolled 44 subjects for clinical evaluation
following twice-daily application of TAP. Two
sites enrolled subjects to undergo evaluation
of visible improvements in the appearance
of facial photodamage following application
of TAP. One site enrolled subjects to undergo
biopsy of the left dorsal forearm at baseline
and Weeks 6 and 12 following twice-daily
application of TAP to both forearms over 12
weeks. Subjects 40 to 65 years of age with
Fitzpatrick skin types (FST) I to VI and mild
(3) to moderate (6) facial photodamage
based on a 10-point grading scale (0=none,

DMNMT3A

Paercentage Increase

Cantrol Alta
Advanced

Leading
Competitor

Percentage Increase

Control Alte
Advanced

Leading
Competitor

§§ﬁ

§

Percentage Increass
h
g §

% 8

Cantral Alta
Advanced

Leading
Competitar

3
g

Percentage Increase
&
2

—
Leading
Competitor

Control Alto
Advanced

FIGURE 1. Effects on markers associated with epidermal homeostasis, renewal, and repair (*p<0.05, vs. control)

7-9=severe), were eligible for enroliment.
Subjects agreed to minimize sun exposure,
apply sunscreen daily (15 minutes prior to
being outdoors, with reapplication every

2 hours if engaging in outdoor activities),
and use only the supplied skincare products.
Exclusion criteria included subjects with
dermatological disorders (e.g., severe acne
vulgaris and/or cystic acne, acne conglobata,
acne fulminans, severe rosacea, atopic
dermatitis, psoriasis, seborrheic dermatitis),
autoimmune diseases, acute illness, or open
wounds/lesions or irritated skin in the area
to be treated. Subjects who were pregnant,
lactating, or planning a pregnancy during
the study period were excluded. Subjects
were deemed eligible for inclusion in clinical
facial evaluations following a two-week
washout period of any cosmetic product
containing alpha hydroxy acids (AHAs), beta
hydroxy acids (BHAs), peptides, growth
factors, skin lightening/brightening agents,
nonprescription vitamin A derivatives, plant
stem cell extracts, vitamin C-based topical
antioxidants, and other antioxidants or similar
products, and a four-week washout period
of products containing prescription retinoids
or hydroguinone. Subjects who had taken an
oral vitamin A derivative (e.g., isotretinoin)
within the previous six months or undergone
chemical peels, microdermabrasion,
microneedling, or a similar procedure within
the previous three months were excluded
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from study participation.

Subjects enrolled for evaluation of visible
improvements in facial photodamage were
instructed to apply TAP to the face twice
daily and were provided with a standardized
regimen consisting of a basic gentle cleanser,
moisturizer, and sunscreen (sun protection
factor [SPF] 56). Digital images were taken
at baseline and Weeks 4, 8, and 12 using
(anfield VISIA-CR Imaging System (Canfield
Scientific, Inc.; Parsippany, New Jersey, US).

Investigators evaluated changes in
the appearance of facial lines/wrinkles,
skin texture, skin tone, skin dullness, and
erythema from baseline at Weeks 4, 8, and
12 using a 6-point grading scale (0=none,
5=severe). Subjects undergoing evaluation of
visible improvements in facial photodamage
completed self-assessment questionnaires
at each clinic visit. Adverse events (AEs) were
collected throughout the study.

A separate group of subjects were enrolled
to undergo 3mm circular punch biopsies
of the left dorsal forearm at baseline and
Weeks 6 and 12 for evaluation of histological
changes. Subjects were instructed to apply
TAP to both the left and right dorsal forearms
from the wrist to the elbow twice daily. TAP
was applied to both forearms to maintain
symmetry of aesthetic appearance and
ensure compliance with product application.
Biopsies were taken from the left dorsal
forearm, with subsequent biopsies taken
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FIGURE 2. Effects on markers associated with recycling and removal (¥p<0.05, vs. control)
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FIGURE 4. Effects on enzymes associated with collagen degradation (*p<0.05, vs. control)

approximately one inch from the baseline
biopsy location. Histological evaluation
and grading of images (0=no staining
[target protein], 5=maximal staining
[target protein]) occurred at Weeks 6 and
12. Subjects agreed to refrain from the

use of moisturizers, lotions, or creams

on their forearms for the duration of the
study. Institutional Review Board (Advarra;
Columbia, Maryland, US) approval was
obtained prior to the study. All subjects
provided written, informed consent to
participate in the study and to have their
photographs appear in any publication
stemming from the findings of the study.
Clinical research sites followed all applicable
guidelines in accordance with accepted
standards for Good Clinical Practice (GCP).
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RESULTS

Ex-vivo analysis of key markers.
Evaluation of key markers in tissues
treated with TAP versus untreated control
demonstrated significantly increased
expression of DNA methyltransferase
(DNMT3A, DNMT3B), cytochrome oxidase
assembly factor-10 (C0X70), and tumor
protein-53 (TP53) genes (all p<0.05),
indicating enhanced support of epidermal
homeostasis, renewal, and repair. Application
of L-VC demonstrated a nonsignificant
expression of these markers, compared to
untreated control (Figure 1).

Significantly increased expression of
sirtuin-1 (SIRT1) and sequestosome-1/p62
(SQSTM1) were demonstrated in tissues

treated with TAP, compared to control
(p<0.05), suggesting enhanced oxidative
response, protection of collagen from
degradation, and autophagy effects. A
nonsignificant expression of these markers
was demonstrated in tissues treated with L-VC
versus control (Figure 2).

Increased expression of heat shock protein
60 (HSPD1) and thioredoxin reductase
(TXNRD1) occurred in tissues treated with TAP
versus control (p<0.05), indicating enhanced
antioxidative response and adaptation.
Applicaton of L-VC demonstrated reduced
expression and nonsignificant increases in
HSPD1 and TXNRDT1, respectively (Figure 3).

Reduced expression of enzymes associated
with the breakdown of collagen types | and Il
(metalloproteinase-1 [MMP1]) and collagen
types Il and IV, as well as elastin (matrix
metalloproteinase-9 [MMP9]) occurred
in tissues treated with TAP versus control
(p<0.05). Nonsignificant reductions of these
enzymes occurred in tissues treated with L-VC
(Figure 4).

Clinical evaluation. Forty-four
subjects were enrolled in the study, with 39
subjects completing evaluations of facial
photodamage and four subjects undergoing
biopsy evaluations. The mean age of enrolled
subjects was 54 years, and 82 percent were
female. The study population consisted of
subjects with FST1(33%), Il (46%), Il (18%),
and IV (3%). The majority of enrolled subjects
presented with moderate photodamage
(score of 4-6).

As early as Week 4, significant mean
improvements from baseline were observed in
skin dullness, skin texture (both p<0.0001),
and skin tone (p=0.01). Significant mean
improvements were demonstrated from
baseline at Week 12 in skin dullness (42%),
skin texture (35%), skin tone (25%), and
erythema (27%; all p<0.0001) (Figures 5-7).
Histologic evaluation demonstrated mean
significant improvements in solar elastosis
from baseline at Weeks 6 (33%, p=0.01) and
12 (60%, p=0.002) (Figure 8).

After 12 weeks of use, more than
90 percent of subjects reported overall
improvement in the appearance of their skin
and brighter, radiant, healthier-looking skin
with visible improvement in sun damage. AEs
were mild and transient, with one subject
reporting moderate, temporary burning
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sensation upon product contact with the eyes.
No subject discontinued the study owing to
an AE.

DISCUSSION

Optimal protection of skin from
free radical damage should address
counteracting ROS generated both
intrinsically and extrinsically. Topical
antioxidants are a foundational component
in supporting skin health. Antioxidants help
reduce the formation of free radicals and
are valuable in not only preventing DNA
damage caused by free radicals, but also in
repairing DNA.* The ability of antioxidants
and specific antioxidant combinations to
protect skin from external or environmental
insults is well established.'¢'®2>2¢ However,
less is known regarding the capacity
of certain antioxidants in scavenging
free radicals generated intrinsically.
Mitochondria play a pivotal role in
the generation of cellular energy and
maintaining homeostasis, and consequently
are the primary source of free radicals. As
we age, mitochondria become less efficient
and more dysfunctional and are degraded
by mitophagy. This leads to decreased
energy production and an increase in ROS
and damage, inducing mitophagy to remove
damaged mitochondria. Combined, these
factors contribute to intrinsic oxidative
stress and accelerated aging. Providing
supplemental antioxidant protection and
support to mitochondria enables skin to
function more efficiently and optimally.

WEL antioxidant technology was
formulated using an optimized ratio of
19 potent water-soluble, enzymatic,
and lipid-soluble antioxidants to provide
broad-based protection for different cellular
components of the skin and from a range
of free radicals. Many of these antioxidants
offer dual benefits to the skin, including
reducing inflammation and erythema,
brightening skin, and improving the
appearance of lines and wrinkles.>?’ Prior
research conducted with WEL technology
demonstrated its antioxidant capacity in
neutralizing hydrogen peroxide in a human
skin model.2 A minimal erythema dose
(MED) study conducted in healthy subjects
demonstrated the ability of WEL technology
to protect skin from the oxidizing effects of
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FIGURE 5. Mean percent improvements in appearance from baseline over 12 weeks (n=39)
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FIGURE 7. Improvement in appearance from baseline to Week 12

UVA/B exposure, inducing significantly less
erythema and providing substantial cellular
protection in comparison to untreated
irradiated skin.? Results from a 12-week
clinical trial demonstrated early and
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substantial improvements in the appearance
of fine lines/wrinkles, erythema, and skin
tone.2 Additional studies demonstrated
WELS ability to significantly reduce the
effects of ozone-, tobacco-, and blue light-
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FIGURE 8. Improvements in solar elastosis demonstrated from baseline at Weeks 6 and 12 (p=0.01 and p=0.002,
respectively [n=4]). Images shown are from a female study subject, 57 years of age, 20X magnification.

induced oxidative stress in an epidermal skin
model and human skin tissue."*

This advanced formulation combines
WEL technology with TAP technology to
provide comprehensive support for skin
by targeting both extrinsic and intrinsic
causes of damage. Gene expression analysis
demonstrated this new formulation’s effect
on markers associated with intrinsic skin
aging, including epidermal homeostasis,
mitochondrial function, autophagy, DNA
repair, and oxidative stress.

Additionally, clinical benefits of
twice-daily application in subjects with
photodamaged skin demonstrated early,
significant improvements in the appearance
of skin dullness, skin texture, and skin tone
with continued, progressive improvements
in erythema over 12 weeks. In a small
group of subjects, histological evaluation
demonstrated improvement in solar
elastosis from baseline at Weeks 6 and 12.
Subjects reported high levels of satisfaction
throughout the study period, with almost
all subjects noting an overall improvement
in the appearance of their skin and brighter,
radiant, healthier-looking skin. The study
product was well tolerated, with the
subjects reporting only localized, transient
AEs.

Limitations. Although conducting
mechanistic studies in ex-vivo skin tissue
is optimal to understanding activity,
results may vary based on individual
donors. Moreover, this clinical trial was an
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open-label study that involved a limited
population. Additional clinical research has
recently been completed utilizing this new
formulation in a diverse group of subjects

to help further our understanding of the
efficacy and tolerability of TAP across a
broader population comprised of a variety of
skin types and ethnicities.

CONCLUSION

Application of a new, advanced
antioxidant containing TAP demonstrated
a significant expression of key markers
associated with epidermal homeostasis and
antioxidative response in ex-vivo human
skin tissue.

Twice-daily application of the product
significantly improved the visible effects
of photodamaged skin from baseline over
12 weeks, with histological improvements
in solar elastosis demonstrated as early
as 6 weeks. Subjects reported high levels
of satisfaction with the study product
throughout the study period, and the study
product was highly tolerable.

These findings demonstrate that an
advanced antioxidant incorporating TAP
and WEL technologies has the capacity to
support skin against the effects of intrinsic
and extrinsic oxidative stress and improve
the appearance of photodamaged skin.
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